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PROBLEM TO BE SOLVED: To provide a battery which can reconcile high discharge capacity 
and charge-discharge cycle stability and is excellent in high capacity and cycle stability by 
containing pyrolidone or a pyrolidone derivative in nonaqueous electrolyte in a secondary 
battery comprising a positive electrode and a negative electrode containing a material capable 
of reversibly storing-releasing lithium, nonaqueous electrolyte containing lithium salt and a 
separator. 

SOLUTION: Pyrolidone, N-methyl pyrolidone, N-ethyl pyrolidone, N-isopropyl or the like are 
cited as a specific compound used in electrolyte. Pyrolidone or a pyrolidone derivative 
contained in the electrolyte is preferable to be used in a range of 0.1 volume % to 10 volume % 
to the electrolyte. When it is less than 0.1 volume %, a cycle stabilizing effect reduces, and when 
it exceeds 10 volume %, there is a disadvantage that discharge capacity reduces. A more 
preferable adding quantity of pyrolidone or a pyrolidone derivative is 0.2 to 8 volume %, and 0.3 
to 7 volume % is particularly preferable. 
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bo, Pb 2 o 3 , Pb. o, , mm 

[0 0 5 5] Pik&Vok LXtttzkz-lttmk}) * 

[0 0 5 6] Bik-SVik LX(ttzk?iHiE.-mik*<} 
*, Hi&tt*^ HAft*^*, ^t*^*, 115 

yntvK h y y^u, ywk*!7», y^K* 

[00 5 7] A \{k&®k LXittzkk.&mtTA'X- 
;7A, 7/l/? = 7^F!i-i s o-:/c2 tf^v-K, 

A, «E»T^5 = l>i», *!7{kT^5 = !7A^^*(f5 
^kfcXZZo 

[0 0 5 8] S bit&yok LXIttzb*.t£E.mib-T> 
5. 

[0059] Mg, Ca, Sr, B a {&a®k LTIi, 

*iwufi. j^©^. y^^s tt&tfu 

[00 6 0] LTtt, LT#ia^ 
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&&ft4x:&,±.2 o o ovurxhzz btmtl><. 
&b\c&£L<i*6X:sk±2 o o ox;uTX'hz> 0 #k 
ffj l< tti ot«±2 o o o wcfes, mj&m& 

bLXt$2 50 < C£U:1 5 0 OXiUTX'ibZZ ktiWH 
L<, $ib(C$ftL<<i3 5 0t;JW±l 5 0 0'CWTT* 
2r>9, L< li5 0OtKll 50 O'CUTX'h 

So &J&I3IB] tUBO. 0 1 *1W± 1 0 0 Pt^WT 

±70 israetT-efc "? . «pi^»* l < i± i BHin«± 2 0 

Bt^WTT'fcSo ^rfiiiSi: LX(*m&2°CU±l o' 10 
±10' c C«TT-;fe'9, «rlc»*L< Ji6t:^±l o 7 

n&.Txh'o. ^ic»^L<iii otHii o' r«T 
[0061] ±f2»#iaig^tii rjjusaia cc*5%) 

W50%J d>ib fjtfe£?&g CC*^) ©80%j (Cig-t 

CC«jS) 0 8 0% j d»e> rj&j£2&& CCim 

ro5o%j 

[006 2] ^fiti^^tf X&tjl LX fc <fc < * 20 
^fl-lc^tbLT, 0iJx:«7kf ic&ALTftSPLTkJ: 

9 8 7) 217lEf©6unft-Hammer-An 
v i 1 & • s 1 a pft • #XT hWXffi • ^7Xt^ 
XU-ffi • -melt drag feftifWjg 

TV* 1 9 9 1) 1 7 2Hte«0*D-7- 

-tzmmw&iat, m&wcmnzm® loom 

*&«ctt»aSr«#W-S r. £ LV\ 

[0063] «B£#*#nfciiiSr * l < ttmm^mm^ 

5 ^a%«T<o#ll^T-fe 9 , $ L< li^gtt 

[0064] (2) , (3) T?#*il8ftt*© 

sp^pK^WXJiO. 1-6 0*/m/SW*L<, 1. 0 
~3 O/im 7)S#l£$f£L<, 2. 0~20^m^$fc{C 
#SLK Sf£«>tt?-9-YX(ci-5(ctt v A<*n£>*ifc 40 

lift*, ffiit£*>lc,ffl^.5ri^-et£„ 
[006 5] Zfcttfefcffi^S y ?-'}J*'a#m®&m® 50 
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m (zzxm&&mki^ ti, v, c r , Mn, f 

e, Co, Ni, Mo, WA»&aM3t34>*< fcfcl 
S) <D&tt<D*frVcft 0 . 3~2. 2{o:&5,fc5K?g£ 

[006 6] £9#*L^y^*Jv£WS&&JRg^fc#5 

L-THt, y Aft6to/XfteJR{b44fe 
(rr-C31#^Jiil4, V, Cr, Mn, Fe, Co, 
N i ri>P>iitfft6'>&< tfcli) ©■g-fr©*/Wt# 

0. 3-2. 2t*5J:5K:S^UT-frj*-t5ci:AS» 

[0067] *Sr^»*uv^y^^^*ra»A«iWb* 

iE&WWfi, Lix QOy (r rT'QIiit LT, 
'M<H~i* s Co, Mn, Ni, V, Fe^tfS 

x = 0. 2-1. 2, y = 1 . 4-3) 
:tiS»*U». Q£ LTfiS^&JSl^f-lcA 1 , G 
a. In, Ge, Sn, Pb, Sb, Bi, Si, P, 

~3 0^r;U%frft-£ LV\ 
[0 0 6 8] £blcfitLL\,^J<?'>£.-$G&mmmiE 

mUntLXtt, Li. C0O2 , Li, NiO* , L 

1. MnOi , Li, Co. N i 1-. Oi , Li. Co 
b Vi-t Oi , Li. Cob Few O2 , L i . Mn 
2 0< , Li. Mn, C oi- c Oi , Li. Mn« Ni 
2-c O4 , Li. Mn, V s , O. , Li. Mn, Fe 
2-. O. (;;t*x=o. 02 — 1. 2, a =0. 1 — 
0. 9, b = 0. 8 — 0. 98, c = 1 . 6 — 1. 9 
6, z = 2. 0 1-2. 3) fcmifbtlZo 

[0069] WLh&*\.w^vj*^mmtmmm 

lEWliPcb L"Cli, Li. Co0 2 , Li. N i O2 , 
Li. MnO-2 , Li. Co. N i O2 , Li. M 
n 2 04 , Li. Co> V,- k O. (r~"C*x = 0. 0 
2—1. 2, a=0. 1-0. 9, b = 0. 9 — 0. 9 
8, z = 2. 01-2. 3) tmifbtlZo 

[oojo] rrt, ±ffiwxffl(±, 3tMn.ffltetii<om 

xh<o, mm\c£.*)mw.-tz. 
[oo7i] wiwstemz.m^b*iz>mw*h lt« 
mm*zm?m.<D$mik£!®b lt«, ma.zivtt.wfo 

^, ir/w-D-^®, wis, ^y7x-xt'yf^©iiia 

^y^yv^y ft^^7y?, 7^/^7 5'^, 
•9— ?yU7*7 7^§©*-^/7 7^I, T*??^ 

14, ^77r^ hW-^^'^^L^. 
[00 7 2] K5R3R^©**»I4: LT, &JSSHi*t^© 



13 

So 

[0 0 7 3] ^ffi»JW^J (Affi^JStttlffi^PJ) 
/!^<£>8sA0*f4, fc»43Effitt«sHw» L 6 ~ 5 

0 fift%T*fc?> d £ *W$. L < . 6 ~ 3 0 M%T* 
*5wi##*U\ *-Jlf>-^JSW&«>»&l4. 6-2 
0ii%T'J)5C UV 10 

[00 7 4] *«^W*«*H-4*:«)<Ofif«fflli: LT 

t/i/o-^, i^T-fex/Mr/un— yx 

•>^Df;Hr/Un-^, 7^>SNa, #!)7^D/l' 
/JfU7^!)^Na, #Ut*-;U7i/-/K #y 

-^fD!) k>\ tfyr^y/ur? k, #y t Kn*-> 20 

7;UDnif uy, # y y -y{t t*= y x >, fh77o 
fV7P7'f K-x F77n nxf i/>-^^f7nn 
if i/y-T'otvy-v'iy^-^yv- (epd 

^) y /^k^r-^^-ti 30 
r^y/u^^x^s^, r^y 

/Pg^;*x>-T:? y d= K y fn/UT-tr 
f - ©if-^xxf t§*D t=yH7? 

^fi/y-7"?^y*l^fc r^yn 

- h y/U- T^v^V^fi-g-ffc, ilf!)7*^v?iy, ^ 
T'L'y^A, y. y m=fJ*, #yxfuyt*->K #y 

i^r/i'^y jh y y •> > 

mm, #y*-#*-h*y ^u^^am, *yi7f 

7x7-;«, i^+->i)|g?©i-7/Ui;3 

y (^x-y^*) fes^iit^yyay&fifsri 40 
xfi/y > #y 7s/^t'=yx>^f* tv\ 

[0 0 7 5] rnP>oe*9Ji4^»*fcHt«S^L-CfflV^ 

1 nrntrnvwiia Lmmmmmh s v >i4 wsa 

1-30 * b < , 2 ~ 1 0 fi4%as»* 50 
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u\ 

[00 7 6] ASE^W*fc»4iEffi^PK-^ hOMS 
14, Mt-trUi^U^ 
14, *-fi§fc»fc,fclWWW&i!B3-U ^*#J (»flSt& 
ftot^^y^a >t.tz\±3LT/^i/3 > (y=ry?7>) 

*-y— , **s^-fif— , x V/u/<-, y°y*9V% 

[0077] ws*ixfc]E«g«jff^ftffie«sro^ij 

H4, *t*©±ti« (="-h) , ftflk, BEffi 
£*vc, ^WB^Mb*. ^*l4S^K>*feT*ff 
#tti*S#, #Jx.l4\ y^-^n-^ffi, ^^hn 

ft, ^7f7S, 7*-r yTTfeRtf 

0. 1~1 0 0m/^<7?3ST-|ISS$ttS^i:/4 s »*L 

£-^ftH4, **»7C#$ 1-4 9**^^5 755, ^*g<73 
ff *tt, (B»aflE«l$*l.fcttfi-C» 1 ~ 2 0 0 0 u 

[0 0 7 8] ^.Uy Y^y— h<Dfc#1& : £<Dtzlb<D&& 

^a^So iaSl48 0~3 5 0 < Cro^H^»*L<, # 
{C 1 0 0~2 5 OtJOffiH^* $**I4, Sffi 
2 0 0 0 p p m&.T*W * L< , ES^J, AH 
-&SiJ J ^«ft¥KT-(4^:tl-m 5 0 0 p p mWTIC-f £ r i 

[00 7 9] httw*ti^^J^i£^i4, -A3:lc:^ffl 

14, mcmfeZtlte^AK 10kg/ cm' ~3t/c 

0. 1~5 0m/^if*U\ ^"^fiStt, 
2 0 0*C^^ LV\ 

[0 08 0] jES&UMoSttflWfefttttttt, *tW 
iLT, IEll(-l4TyU5-[7A, ^f y^i« ^y-^ 

^fVI/^g, =y-7-/K x^>, Sfctt^ixP)©^ 
[0 08 1 ] -ft«teJcteffl-et5-fe^u-^l4, ir 
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btiZo ttfc, **K*LT, 'fy/otvy, #y^ 

t»« * U\ 0 . Ol-ljim, ff^ 

#5~5 0/im(D^?Lt47^/UA^Wi 

[0082] m 1 -> y yy-mnM<n-m*7f;i-ffi io 

hft&5VM41?^l'-?-3 i*(C^[s]L 
fc1H&->-h4, 5 £fl;?l!lte 2 icffA U 

^^1 l£«t;ifcl*|g|57*ft:i O^^y^nfUVS!^ 
.x-ir-;/ h 1 £^L-C«Mlf5 2W±g|5q{c&-£U JEM 
-?£j|ft&5:E®*+yX8£±^tcgtm£-fr5„ ^cd 

£±# (&«§#&) 7^PlilTfflv^wHi 
T-#5o S(cm«cD^tt$r«liEi-5fc*!)lrPTC (IE 20 

[0 0 8 3] ^J&fiAfl-i£tel;i#Sfi: LT^v^vM -> 
*£J£Lfcl*£W£, (SUS 3 04, S 

US 3 04 L, SUS 304N, SUS316, SUS 
3 1 6 L, SUS430, SUS44 4§) , -ytTJl- 
/ •y*%1&LtzX'r^l'xmfc (l^±) > T/\s%-v-J* 
14-?- =y-ir/K ^T-&<9, JF^t 

LT, JfP3»l£, *1fR»0c, jE^fSi^ ft^fiS 

[0 0 8 4] bVt<D&mW.ffl*. #Wc<y, 

[0 0 8 5] WKKti. &m%l\s\X'&ALXi>&^ 
Ltz®mZ&A) Xi>&i\ MMK(D&A^m(0 50 
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mm^vtzMc^ nm&ztm (#£L<i4 5oo~i 

torr s <ti3$f^L<(44 0 0~l 0 torr ) Ltz *) , 
[ 0 0 8 6 ] ffi^ y - KIEtt. fco&Jl* 

•So 

[0 0 8 7] -ft««llcfi[ffl-Ct %>1S*>TV Hi, **« 
t LT, tW7^yI*"!)v- 7y||*!/v- -fe 
/pd-^M^- ^y-<5 K> ^!)75 b'X'h'O, 

jK y -?-xh s c t u >„ 

[008 8] *ftl4j85.SJcjt:CT^3Stl"C»a$tl5. 
-C/UA, ft, *t), •f>^y9^r— xm^ibZ, 

[0 0 8 9] «&li&KK&i:TttS#&iffmtf/* 
-U ^.S^tmSlESriSWrl-iafiESr^ri-lHlK) ^^(4 

(DC-DCa^W*) Sr 

•f-Sr ttatUttl^U y^y h4$X'®M\z%1!R. 
X'2Z>£?\z\mj£LXi>&i<\ $?)lc:(4, M^<y9\c 

nxi>^\ 

[oo9o] nmm* s^s 0 #(w, t- 

[009 1] 

[3M] OTc^W^tf, *^?^*$feicf¥L< 
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I00 9 2] iim&n^-* Y<nf^m lEmmVo'X'D i^sogt, ^y77ftt*nyf>'i0gi:^MI^ 

LiCoO* &lk<D£olZ\_Xfc-otz 0 fcmV'f-VJxk Lfrt<0(C7k3 0 gSriDx.^e.lr?l^S^LT^o)t 0 

ra$fcH = ^/l-h<b£:3 : 2<D*/l-itX'i%£l,£Lb<0& [0 0 9 5] [EHJoit/^gSSiX- ±15 

#SL4B#ra<S^Lfc^, £<b(Cg#2 0 C©ii,!rC-9 0 3 0 m m©7yU5-?A^3im(££>i3jSolC, ^ft4 0 

0 < C(C#tfiL^W?a^T'8B#F B MfigL, ^©»Lt Og/m , £E^m»v'- hOJ¥^ 2 8 0 ^ mlCftS 

L iCoO: ro&^$*£ffr&Lfc 0 ^L/tL i Co ±5KUMfrU ££*SLf;:^ n-7-^U^^T*BE^ 

c= jk-t-ji, ^.m+v-j X755 sum, ffi^p° D 5 o g & m Lmfeo±$ z imm u m#.<r>iEWs- v l 

1 o o m i ro*ic^tfc Ltz^fDftimnmmm* o . 6 10 fc„ £ h \z ^ # y ? * m& •, - 5 0 °cjw rw&gi 

mS/m, pHttlO. K l»ffeia5tt*ffi« £50 'fT'ii^^t-^-^-tS^^^b, iE*i 

140. 42m 2 /gT*feofc„ ICLiCoOi tL=f-2 v—hSr^Lfc,, 

0 0 g t7tf y^lOgit ^^-^-fif [0 0 9 6] IWI^f', ftffi-g-^K-X hF-ltF-2 

-X-m-& L, ^^TU»^Jt LT 2 vvUT £20,/ m<Dffim*«^l-^* U ±fBIE«->- Mfr& 

^yi/-Fi:7^!);*t7^yn^HJ i: I§]^0*feT-, h WJp:^ 9 0 M mT'fo 

<Z>*#tfc^ »#«g5 0fift%) 8g<^ SS2S SAS->-KA, B^^ttW^Lfc: 0 

*%<O^/^drv'^^/P-fe-/l'n-^7k^6 0 g^iPx. [0 0 9 7] mffiKmM) 2 0 0 

ffifg&a- U $ ?>|C* 5 0 g £3>P;t, Jfr*5**vf If-T* c c <D$fB P <7>/K !1 7°n ^V^l: 8 0ml ©g^S^c 

ffttfi^U iES^H-^hSr^Lfc. Tvu (DEC) fcuvh., ZLttfcaatjJS 3 0t^ix./iV^ 
[00 9 3] CUS^W^— ^hOftEriO SnGen 20 i^lcatL^b, 2 0ml©^gxfl^y (EC) 

B». 5 Po. M M gll Kc 0>.» 9 KLTft £'>ft-f o|g|Lfc. ©iS-g-^U:, L 

— gKfc®6. 7 g, t'Pl) Vgf^l 0. 3g, Z TO. 4 6 9 gOLiBF< , 14. 43gOLiPF 

m<k-fflmi. 7 g, ^g£#y >A0. 7 gl gftv^ . Srj0!?a^3 0 < C?rMx.^V^J;5l-a*t/i7)i?5, ±|H 

*->*A0. 4 g , -■Mfcy*-r=*Ai. Og^SA ro«S#-e, ±fS^^{c>*-fo^Lfc 0 fffeftfc 

5t:/#-ei 1 oo°c£-c#rsu 1 1 o o°c-ei 2m »iiio P pm oscfBttr-fii ffis,%MKc - 2 1 om 

ra«u«Lfc&, 1 o«c/»-e^ajd4T-»aL«y«ipj: #-/i^^-*:9«i5^g-c«) « Mtt^a2 

tlflt) WLfcfc©?:**, 5^3i y h$^-Cj£#LT±!E Oppm (ypAf^-^-^iStL, 0. 1 

Mm, CuKa»*fflV^*:Xl6S*fjSfelc*SV^T2 0 ftT* 30 fc„ i©««K4rit«ffl©«BK 1 ir-TS. 

2 8° f+i5lciR^S:^rl-«^n-K*fcr-^S:fi-fS» [0 0 9 8] SICD E C t E CO&lc. fn y KV«Sr 
■C*>0, 2 0ftC4 0° £U:7 0° ^TKIiSStt©® T*l WfcoTjtt^-fSJJtfMiWWfl tlHiUcLT* 
Sf«H:*?>ix4*»ofc 0 r <Dft^®3i 2 o 0 g t )!?f2~2l fcflsofc. «#ffti» muZtiS fo y K 

*jmm 5 o g t , jj? y 7 y ^ t-= y ^ v 1 0 g t ^ 6 0 "cor«is«) ft -c-fro t. 1 k*s^tx # 

x.fi^Ufct>©!-*3 0 gSr*Ox.*e>lc:igiStii-&U * irPCt^liWffl (L i BF, tLiPF 

S^H-^h (F-l) SrfffifcLfc. #V7?iki?~ s £#18) tffi«, fflrit©»«:5fcott*©TJcE*L 

y x >I4^ 0 . 1 /i mCO^^F-^rffi^fc, tz 0 
[00 94] ^fe^ffl^—X h F - 2 14. miSc05^3 40 [00 9 9] 
(B*-<hnW-Ati:®J, PC-R) £2 3 0 g* [f 1] 





DEC! 


E CM 




mmmrn 




£8f& 








m 1 


m 1 






m 1 




ppm 


ppm 


1 


8 0 


2 0 






0 




7 


2 0 


2 


8 0 


2 0 






0.01 




7 


2 0 


3 


8 0 


2 0 




m ± 


0. 1 




7 


2 0 


4 


7 9. 8 


1 9. 


9 


n ± 


0.3 




7 


2 0 


5 


7 9.6 


1 9. 


9 


n ± 


0.5 




7 


2 0 


6 


7 8 


1 9. 


5 


i^i ± 


2.5 




7 


20 
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19 20 



7 


7 7. 


6 


1 9. 


4 


m ± 


5.0 


mm 


7 


2 0 


8 


7 6 




1 9 




m ± 


7.0 


mm 


7 


2 0 


9 


7 4. 


5 


1 8. 


5 


m ± 


10.0 


mm 


7 


2 0 


1 0 


9 5 




5 




m ± 


0. 1 


mm 


7 


2 0 


1 1 


7 0 




3 0 




m ± 


0. 1 


mm 


7 


2 0 


1 2 


7 8 




1 9. 


5 




2.5 


mm 


7 


2 0 


1 3 


7 9. 


6 


1 9. 


9 


m ± 


0. 5 


mm 


7 


2 0 


1 4 


7 8 




1 9. 


5 


N-n- 


2.5 


mm 


7 


2 0 












7' of *f dJ K y 








1 5 


7 8 




1 9. 


5 


t°n y K> 


2.5 


mm 


7 


2 0 


1 6 


7 8 




1 9. 


5 




2.5 


m&* i 


7 


2 0 


1 7 


7 8 




1 9. 


5 


m ± 


2.5 


mm 


6 0 


1 2 0 


1 8 


7 2 




1 8 






13 


mm 


7 


2 0 


1 9 


8 0 




2 0 




ft L 


0 


m&* i 


7 


2 0 


2 0 


8 0 




2 0 






0.01 


m&* i 


7 


2 0 


2 1 


7 8 




1 9. 


5 


t°n y v 


0.01 


mm 


7 


2 0 
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[0100] [->y y^-tft©M) ®1I^1-J;5 *fS5mA/cm ! , SlMtff4. l^MJh 

aSI'— . *S->— hA (4) ^iUHr-^U— ?-3 20 ;um-foZ##>tz e 

©mwiJiu rH^ri@i##^ic#[5jLfc„ ^ro#(H]^ [0102] %n?ti<nmmW'< ? /H4 o^mis 

R^«&te2|Cl|X^Lfc 0 £<bMfi$?fC6£LTm ^Stt, 1 ir 2 2 £ 1 0 0 t Ltct £ £>tB#M£ 

1-3**^8, ptc^ 9, mm&& 7 mznte. u [0103] 
[0101] ±K<D#ftT*m&Lfc®t&ico^T, mm* 



mm 














1 




mm 


A 


1 


1 0 0 


6 8 


2 


m 




A 


2 


100 


6 9 


3 




mmmm 


A 


3 


1 0 0 


8 2 


4 




± 


A 


4 


100 


8 4 


5 






A 


5 


100 


8 6 


6 




± 


A 


6 


1 0 0 


8 7 


7 






A 


7 


100 


8 6 


8 


m 


± 


A 


8 


1 0 0 


8 4 


9 


m 


± 


A 


9 


9 9 


8 3 


1 0 


m 




A 


1 0 


1 0 0 


8 1 


1 1 


m 


± 


A 


1 1 


100 


8 2 


1 2 


m 


± 


A 


1 2 


1 0 0 


8 7 


1 3 


m 


± 


A 


1 3 


1 0 0 


8 6 


1 4 


m 




A 


1 4 


1 0 0 


8 7 


1 5 


m 


± 


A 


1 5 


1 0 0 


8 7 


1 6 






A 


1 6 


9 9 


8 2 


1 7 




A 


1 7 


9 6 


6 9 


1 8 


m 




A 


1 8 


9 2 


7 9 


1 9 


m 




A 


1 9 


1 0 0 


6 7 


2 0 






A 


2 0 


1 0 0 


6 9 


2 1 


m 




A 


2 1 


9 9 


6 8 


2 2 


m 




B 


1 


1 0 0 


6 9 
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21 

2 3 &nm&mm b 

24 P 1 B 
2 5 (JtRSMO B 
[0104] WMftt, 3c 1 lz^-f£ b |C, S85?if 
/v- (DEC) irSK^u^ (EC) !:HlffWiO« 
!tft# 1 0 Om 1 T-foS„ LfctfoT, 

WAS? 1~9. 18 («Mtl~9, 1 

8) (4, •e-tL-enN-y^/pfa!; oofttfJUcs. 

>£«fl?KK8£&QLfc®l&2 — 9 % 1811 fetraL&V 
ttftl (ttMfi) i 9 fc-iKr ^vHfeWc* < , £#fc 

0 1#i%WT©Sffi2 (8#ff2) ttlH'*/Hfei J 'h 

£<, i 3^ii%w±w«?t!ii 8 (iAf)ti8) \-rnn. 

[0 10 5] ttffcl 2~1 5 (fMfffl 2~1 5) 14, 
N-^fvUfo y K>- (®&6) ©ftfrDlC l^»©N 
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